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© Photopoiymerisable compositions suitable for recording holographic information. 



© An aqueous-based, film-forming, photopoiymerisable composition is cescr.bec. said compos.ticn comprising 
at leaVa^tymet-IJtf^r. a polymer.satte ethyienicaiiy unsaturated monomer and a pnotomitiatcr. -ne 
photopoiymerisable composition may be formed into a photosensitive .'Mm anc then exoosed to actm.c radianon 
bearing holographic information in order to form a holographic image. 
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PHOTOPOLYMER1SABLE COMPOSITIONS SUITABLE FOR RECORDING HOLOGRAPHIC INFORMATION 

The present invention relates, particularly, to the field of holography, being concerned with aqueous 
based photopofymerisable compositions which, after removaJ of the aqueous phase to form a photosensitive 
element, are capable of recording holographic information in the form of hologram masters or recorded 
copies, as volume phase holograms. 
5 Holography is a means of recording the optical information reflected from, or transmitted by, an object 

when illuminated by highly monochromatic and coherent light, for example, light emitted from a laser 
source. The techniques available for forming holographic images are well known to those skilled in the art. 

A hologram may be classified depending on how it stores the holographic information it contains. The 
two main classes are amplitude holograms and phase holograms. Phase holograms tend to be preferred 
to since the efficiency with which the reference beam is transformed into the reconstructed object beam, 
referred to as the diffraction efficiency, is generally much higher. With phase holograms diffraction 
efficiencies of up to 100% are theoretically achievable, although for holograms of complex wavefronts it is 
generally not possible to achieve diffraction efficiencies which even approach this theoretical maximum. 

Holograms may be further divided into thin (surface) holograms and thick (volume) holograms. A thick 
is hologram denotes a hologram in which the hologram thickness is much greater than the spacing between 
the adjacent interference fringes. Thick holograms tend to have a higher diffraction efficiency and, therefore, 
can provide clear holographic images of high intensity. Thick holograms also tend to be very wavelength 
and angle selective which renders them suitable for other optical applications. 

Accordingly, thick (volume) phase holograms have certain distinct advantages in that they provide for 
20 high diffraction efficiencies and, therefore, clear holographic images of high intensity. 

Holography has a wide range of applications, the most obvious of which is the production of three, 
dimensional images for display purposes. Holographic technology has also found application in the 
manufacture of optical elements, such as the holographic lens. Modern head up displays (HUD) in aircraft 
use holographic optical elements. Holography also finds application in the manufacture of holographic 
25 diffraction gratings which may be used in demultiplexers to separate different wavelengths in optical fibre 
communications. Other applications for holography include optical data* storage, image processing, and 
holographic interferometry. 

For the production of high quality holograms of good resolution, it is necessary to employ a holographic 
recording medium that is capable of reproducing fine details, and this, in turn, requires that the medium be 
30 capable of recording, accurately, a large number of lines per linear unit. This property, referred to as the 
spatial frequency, relates to the ability of the holographic medium to record a complicated pattern of closely 
spaced interference fringes and is commonly expressed in units of lines per millimetre (lines/mm). A good 
holographic recording medium should also provide a high diffraction efficiency and be substantially free of 
light scattering centres. Furthermore, for the recording of master holograms the holographic recording 
J5 medium should be of relatively high speed enabling short exposure times to be employed. 

In circumstances where there is a need to produce a number of copies of a given hologram, it is both 
expensive and time consuming to prepare each hologram as a holcgram master. However, it is possible to 
take copies from a hologram master using essentially conventional contact printing techniques. In order to 
make good hologram copies which display the quaiity and resolution of the onginaf. the holographic 
•*o recording medium must, of course, be able to record the spatial frequencies present in the hologram 
master, should have a gcod diffraction efficiency and should be substantially free of iight scattering centres. 

Many materials have been employed in the manufacture of hologram masters and hologram copies 
which at least in part satisfy the requirements for gcod ho:cgrapnic recording media discussed supra. The 
four most commonly used are silver halide. dichrcmated geiatin, photoresists and thermoolastics. 
•*s One of the major disadvantages with many of the nolcgraohic recording media' discussed so far, is the 

requirement fcr a uei processing step to develop anc fix the hcicgraohic image formed from the initial 
imagewise axpcsi_re. Such processing is both time -:cnsuming ana expensive, and :t also delays 'he 
availability or the final holographic image. It is known that certain photocciymensable materials may be 
used as holographic recording media for the making of noicgram masters and copies. Materials m this 
so realm typically comprise an organic solvent in which is dissolved a polymeric binder, an ethylenically 
unsaturated polymensabte monomer, and a photoinitiatcr activatable by actinic radiation to initiate the 
polymerisation of the said monomer. These materials :an be cast to form photosensitive films which are 
then exposec to actinic radiation bearing holographic iivormation. During the imagewise exposure to actinic 
radiation bearing holographic information, it is believea -hat the photomitiator is activated in the exposed 
areas corresponding to the interference pattern, which leads :o monomer polymerisation in those areas. A 
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subsequent uniform non-imagewise exposure may be employed to fix the holographic image by causing the 
polymerisation of the remaining monomer. It is disclosed that this subsequent non-imagewise exposure is 
not necessary although it may often be desirable. 

While photopolymerisable systems of this kind obviously have distinct advantages in view of their 
s relative cheapness, and the fact that no wet processing is required to develop and fix the holographic 
image, certain problems have limited their acceptance in comparison to other holographic recording media. 
These problems include, inter alia, shelf life, low sensitivities opposite silver halide films and, therefore, slow 
speed, modest refractive index modulation, stability of" the holographic image with time, temperature 
stability and irreversibility- Therefore, there is a need for photopolymerisable holographic recording medium 

70 which can overcome at least some of these problems, and have the advantage of needing no wet 
processing. It would be particularly advantageous to develop a photopolymerisable holographic recording 
medium with good sensitivity to visible wavelengths. 

We have now found that certain photopolymerisable compositions can be formed into photosensitive 
elements that in one embodiment are capable of retaining the holographic information contained in an 

is imagewise exposure of actinic radiation without a subsequent non-imagewise exposure being necessary to 
fix the image, and while such a subsequent exposure is preferable, in either alternative, the need for 
expensive and time consuming wet processing techniques is avoided, and the hologram is readily available 
for use. The photosensitive elements are capable of displaying high sensitivities and fast speeds, so that 
short exposure times are attainable. Furthermore, photosensitive elements that are sensitive to visible 

20 wavelengths have been developed, for example, photosensitive elements have been prepared which are 
sensitive to the Argon ion laser which emits visible blue light (wavelength 4aanm). Photosensitive films 
formed from the photopolymerisable compositions may be self-supporting, exhibit a good shelf life and a 
resistance to shrinkage during exposure. After exposure to form a hologram, the photosensitive films are 
capable of providing mechanically strong, self supporting films containing the holographic information. The 

25 exposed holographic films may exhibit good temperature stability (e.g.. they may remain stable up to at 
least 140"C) and time stability (in the sense that they are capable of retaining the holographic information 
for long periods of time) and. furthermore, may exhibit both solvent and water resistance. The photosen- 
* sitive films may provide volume phase holograms, in the reflection or transmission mode, which exhibit a 
number of favourable properties; these include, inter alia, high resolution, high diffraction efficiency (e.g., at 

so least up to 95%), high spatial frequency (for example, at least up to 1000 lines/mm), low scatter, and good 
refractive index modulation (i.e. a good variation between the refractive indices of the originally exposed and 
unexposed areas), so that good clear holographic images are attainable. 

According to the present invention there is provided the use of an aqueous based, film-forming 
photopolymerisable composition for the formation of photosensitive elements on which image information is 

35 to be reccrded said composition comprising: 

A) an _ aqueou s latex of ajilm-forming polymeric binder said binder comprising at least one film- 
forming cop^iymeTTo^ polymerisation, said film-forming copolymer comprising polymerised 
units derived from at least one ethylenicaliy- unsaturated comoncmer which provides the basts of Mm- 

formability in said copolymer; 
_, 0 ^ B) at , east one non-gaseous, ethylenicaliy unsaturated monomenc compound compatible with the 
polymeric binder of (A) and which .s capable of forming a polymer by free-radical .n.tiated addition 
polymerisation: and 

C) at least one free radical generating photamitiator or cncEOinitiating system activatable by a source 
of actinic radiation for the polymerisation of the at least one mcncmer of (8>. 

js 

The photopolymerisable compositions for use in accordance with the present invention are aquecus 
based compositions comprising :n mixture, an aqueous latex of a fiim-forming polymeric binder, at least one 
polymerisabie monomer, and at least one free radical generating photoin.tiator or photoimt.at.ng system. 
The polymeric binder comprises at least one film-form.ng copolymer which may be formed oy well 

to established addition cccoiymerisation techniques. For example. :re copolymer may ce fcrmec by emulsion 
cccoiymerisation in an aqueous medium with the aid of a free radical generating initiator and usually :n the 
presence of a surface active agent (. e. surfactant), to yield an aqueous latex. Alternatively, the aqueous 
latex of the film-forming polymeric binder may be formed by post-emuis.ficacion (in water) of at least one 
pre-formed solid copolymer prepared by any suitable addition polymerisation technique, for example, by 

55 free radical anionic, or catiomc adcitton polymerisation. In preferred embodiments the s.ze of the polymer 
part.cles .n the aqueous :atex cf the polymeric b.nder .s in the range of from 0.02 urn to 0.3 *m more 
preferably in the range of from 0.05 am to 0.4 urn. and especially in the range of from 0.05 urn to 0 2 urn. 
!n preferred embodiments the at least one film-formmg copolymer of the polymeric b.nder has a ,cw 
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refractive index. In further preferred embodiments, the at least one film-forming copolymer of the polymeric 
binder is of high molecular weight, for example, a molecular weight in excess of 30.000. preferably in 
excess of 50,000, for example. 100.000. Film-forming copolymers having a glass transition temperature (Tg) 
in the range -40 * C to 50 * C are typically employed . preferably in the range -20 * C to 30 * C. and particularly 
s preferably in the range o'C to 15* C. since the film-forming properties of such a copolymer are particularly 
suitable. If a film-forming copolymer of Tg below -40 *C is employed, then photosensitive films cast from 
the photopolymerisable compositions tend to be somewhat soft, sticky or tacky. Conversely, if film-forming 
copolymers of Tg above 50 "C are employed then problems can arise during film formation, and the 
photosensitive films may be brittle and non-coherent By controlling the Tg of the film-forming copolymer, 
to the formation of photosensitive films and the formation of the image, may both be carried out at convenient 
operating temperatures, for example, at or around ambient temperature. 

The film-forming copolymer comprises polymerised units derived from at least one ethylenicalfy 
unsaturated comonomer which provides the basis of film-formability in said copolymer (the fiim-forming 
comonomer(s)). In preferred embodiments the film-forming copolymer comprises rolymerised units derived 

rs from one or mare monoethylenicalty unsaturated monomers of the film-forming type containing an olefinic. 
vinyl, vinylidene, acrylic or methacrylic double bond. Suitable monomers in this realm include, inter alia, 
vinyl chloride, vinylidene chloride, vinyl esters of alkanoic acids having from 1 to 18 carbon atoms in the 
aikyl group, aikyl acrylates and methacrylates having from 1 to 18 carbon atoms in the alkyl group, vinyl 
ethers, acrylamide and substituted acrylamides, acrylonitrile and methacrylonitrile. monoethylenically un* 

zo saturated hydrocarbons, for example, ethylene, isobutene. styrene and alpha methyl styrene. 

The Tg of the film-forming copolymer may be controlled by appropriate selection of the types and 
amounts of monomers used in the formation thereof. Further control over the Tg may also be exercised by 
including at least one external plasticiser in the aqueous latex of the polymeric binder, so that a copolymer 
with a Tg in the ranges specified supra is readily attainable. 

25 External plasticisers which may optionally be employed in the compositions of the invention, include 
esters of polycarboxyiic acids such as phthaiic'acid. isophthalic acid, terephthalic acid, adipic acid, azalaic 
acid, sebacic acid, and mellitic acid. Phosphoric acid esters, such as trioctyl phosphate, tricresyl phosphate, 
tritolyl phosphate, and trixylyl phosphate, and polyester plasticisers such as polypropylene laurate, soya 
bean oil derived plasticisers such as epoxidised soya bean oil, and chlorinated paraffins may also be used. 

20 Other suitable plasticisers include the alkyl esters of dicarboxylic acids, examples of which include dibuty! 
phthalate, dihexyl phthalate, dioctyl phthalate, di-iso-octyl phthalate. and dinonyl phthalate. The amount of 
the at least one external plasticiser, if included, will depend, inter alia, on the Tg of the film-forming 
copolymer prior to adding the at least one external plasticiser. 

The present invention is particularly advantageous when the fiim-forming copolymer of the polymeric 

35 binder is a chlorine containing copolymer comprising polymerised units of at least one chlorine containing 
comonomer therein. In preferred embodiments according to the present invention, the film-forming 
. copolymer will usually comprise from 5 to 95 % by weight, preferably from 25 to 95 % by weight, and 
particularly preferably from 30 to 90 % by weight of polymensed units derived from the at least one 
chlorine containing comonomer. The most preferred chlorine containing ccmonomers are vinylidene 

-to chloride and vinyl chloride which may be used alone or in combination with each other and/or with other 
chlorine containing comonomers. In preferred embodiments of the invention, the chlorine content (if present) 
of the film-forming copolymer will be entirely derived from polymensed units of vinylidene chloride and or 
vinyl chloride. 

Accordingly, further preferred film-forming copolymers for use in the polymeric binder of the invention 
*5 comprise 5 to 95 0, o by weight of poiymensed units derived from vinylidene chloride an<±or vinyl chloride, 
and 5 to 95 % by weight of polymerised units of one or more other comonomers. 

The most preferred chlorine containing comonomer is vinylidene chloride and. therefore, according to 
further preferred embodiments of the invention, polymerised units of vinylidene chloride will provide at least 
50 % (i.e. from 50 °'o up to 100 °V> by weight of the total chlorine containing comonomer content' of the 
so copolymer, with poiymerised units cf vinyl chloride provicing the remainder. In the preferred vinylidene 
chionoe. vinyl chloride containing film-forming copolymers, at least a proportion of the poiymerised units or 
the non-chlorine containing comonomer(s) should comprise units derivea from at least one alkyl acrylate 
and/or methacrylate (preferably acrylate). preferably at least one alkyl acrylate and, or methacrylate having l 
to 12 (particularly preferably 2 to 10. for example. 2 to 8) carbon atoms in the alkyl group. In preferred 
55 embodiments, at least one of the at least one alkyl acrylate and/or methacrylate (if used) will be an 
internally piasticismg comonomer. Examples of internally plastiasmg alky! acryiates and methacrylates 
include, inter alia, n-butyl acrylate. 2-ethythexyl acrylate. n-decyl methacrylate. n-octyl acrylate. 2-eErylbutyl 
acrylate. n-heptyl acrylate. 2-heptyl acrylate. n-hexyl acrylate. 3-methylbutyi acrylate. n-nonyl acrylate. 2- 
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octyl acrylate. and n-propyl acrylate. Particularly preferred comonomers are n-butyl acrylate and 2- 
ethylhexyi acrylate (both internally plasticising comonomers). and the vinylidene chloride/vinyl chloride 
containing copolymer used in preferred embodiments of the invention, may comprise one or both of these 
comonomers as the sole alkyl (meth)acrylate(s) and plasticising comonomer(s) therein, although, of course, 
5 one or more other alkyl (meth)acrylates. and/or one or more other internally plasticising comonomers may 
also be used in combination therewith. Other suitable non-chlorine containing comonomers for use in the 
preferred vinylidene chloride/vinyl chloride containing film-forming copolymers of the invention, include, 
inter alia, acrylic acid t methacrylic acid, acrylonitrile and methacrylonitrile. 

By an internally plasticising comonomer is meant a comonomer which gives a^ homopolymer (when 

to polymerised aJone) of very low Tg, preferably -40 " C and below, more preferably -50* C and below, and so 
provides copolymerised units in a copolymer which if present in sufficient proportion tend to cause the 
copolymer to be intrinsically plasticised and thereby have considerably lowered Tg in comparison to a 
polymer not having such units. Thus, the use of such comonomers may allow Tg's in the preferred ranges 
to be readily achieved. Suitable internally plasticising comonomers, other than the internally plasticising 

is alkyl acrylates and methacrylates already mentioned include, inter alia, certain kinds of alkoxyalkyl acrylates 
and methacrylates, such as 1 -ethoxyethyl acrylate, 1-ethoxy propyl acrylate. 2-methoxyethyl acrylate. 3- 
methoxypropyi acrylate, and propoxyfated acrylates and methacrylates. and other monomers such as 
ethylene, 1 ,3-butadiene. isoprene, chloroprene. 1-decene. 1-pentene, 1-octene, and nuclear substituted 
styrenes such as 4-dodecyl styrene, 4-nonyI styrene, and the 4-alkylsulphonyl styrenes. 

20 The film-forming copolymer preferably contains polymerised units derived from at least one multi- 
functional comonomer that has effected a partial (in the sense of a degree of) cross linking dur.ng the 
polymerisation reaction to form the copolymer (resulting in the formation of some insoluble gel), as this may 
improve the performance of photosensitive films formed from the photopolymerisable compositions. By the 
gel fraction of the copolymer is meant the percentage by weight of cross linked material in the copolymer; 

25 this is usually determinable by extraction using a solvent under conditions which dissolves the correspond- 
ing uncross-Iinked fraction of the copolymer (found, for example, with the aid of a simitar copolymer that is 
known to have been prepared without any possibility for crosslinking) and measuring the weight of the 
insoluble portion of the copolymer. In the present invention the film-forming copolymer will preferably have 
a gel fraction in the range of from 5 to 80 % by weight, more preferably in the range of from to 70 % by 

30 weight By the term multi-functional in respect of said multi-functional comonomer is meant a comonomer 
having at least two unsaturated carbon to carbon double bonds which can each (i.e. independently) take 
part in a free-radical initiated addition copolymerisation reaction. In order to achieve a degree of cross 
linking in the film-forming copolymer, at least one multi-functional comonomer must be added to the 
polymerisation reaction in at least an early part thereof: usually, said at least one multi-functiana 

3 5 comonomer. at least in part, is added within (i.e. has been added by the end of) the first 70 % conversion of 
monomers to copolymer reached in the copolymerisation (preferably by the end of 60 % conversion, often 
by the end of 50 % conversion or by the end of the first 40 <" a conversion reached). This is in order to allow 
enough of both carbon to carbon double bonds in each molecule to react to yield the required cross l.nking. 
To achieve the residual cross linking, the at least one multi-functional comonomer used m the 

oo copolymerisation may have at least one of its carbon to carbon double bonds (in the mo.ecuie) of 
significantly lower reactivity than the carbon to carbon double bond(s) of the film-forming comonomer s). 
Such a multi-functional comonomer is here.nafter termed a lower reactivity muit.-functional comonomer for 
convenience. Alternatively, .f desired, each double bond of the at least one multi-functional comonomer may. 
have the same order of. or even h.gher. reactivity as the double bondfs) of the film form.ng comonomer^,. 

J5 Such a multi-functional comonomer ,s hereinafter termed a higher reactiv.ty multi-functional comonomer .or 
convenience. A combination of at least one lower reactivity multi-functional comonomer and at eas one 
higher reactivity multi-functional comonomer may also be employee. Examples of suitable mutt.- unc tiona 
comonomers (if used) for use in prov.ding a cross linked, film-forming copolymer in ^ e ^.^%^ 
reactivity types such as dia.lyl esters of aromatic dio.s such as diaflyi phtha.ate and mono- anc d Hyi este * 

so of alpha beta-unsaturated mono- and cicarboxylic acids, such as ally, methacry.ate. a y ac ; ^ 
maleate, diallyl fumarate. and diailyl .taconate. and h.gher reactiv.ty types such as * ^ 3 ' 

dimethacrylate. ethylene glycol diacry.ate. ethylene glycol dimethacrylate. and ^y' 0 ^^^^;^ 
preferred multi-functional comonomers. if used, are diaflyi phthaiate and ally, methacry.ate. ^ '''^rming 
copolymer of the polymeric bmder preferably contains from 0.1 to 20 % by weight. 

55 0 2 to 8 % by we.ght. and particularly preferabiy from 0.2 to 4 % by we.gnt of poiymensed units der./ed 
from the at least one multi-functional comonomer incorporated to provide cross linking .f such a comonomer 

Slides' optionally including polymerised units derived from at least one multifunctional comonomer 
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which causes cross-linking during polymerisation, -re at least one film-forming copolymer may aiso 
comprise polymerised units derived from at least one multi-functional comonomer which provides residual 
carbon to carbon double bond (i.e. ethylenic) unsaturation in. the copolymer for cross linking (during 
exposure to form the image) with itself and/or with the at least one polymerisable ethylenicaily unsaturated 

s monomer. To achieve such residual unsaturation (for cross linking during image formation), a multi- 
functional comonomer employed in the copolymerisation reaction to form the film-forming copolymer should 
have at least one of its carbon to carbon double bonds (in a molecule thereof) of a reactivity such that it or 
they react(s) in the copolymerisation at a significantly slower rate than does the unsaturated bond(s) of the 
film-forming comonomer(s) (i.e. a lower reactivity multi-functional comonomer). Preferably, the multi- 

;o functional comonomer which may optionally be employed to provide residual unsaturation contains one or 
more ally) groups CHj = CHCH2- (or. possibly, monosubstituted ailyl groups RCH = CHCH2- where R is an 
appropriate substituent such as a lower (C1 to C4) alkyl group, e.g.. methyl or ethyl), since the double bond 
of such groups is of low reactivity and generally speaking slower reacting than the unsaturated bonds of 
most film-forming comonomers. In order to provide the optional residual unsaturation in the resulting film- 

;s forming copolymer, the at least one lower reactivity multi-functional comonomer must be added to the 
copolymerisation reaction in at least a late part thereof; usually said at least one lower reactivity multi- 
functional comonomer is added, at least in part, to the copolymerisation reaction after at least 70 % 
conversion has been reached (preferably within 70 to 95 %. more preferably 70 to 90 % conversion). 
Suitable lower reactivity multi-functional comonomers (for providing residual unsaturation) have already 

20 been listed supra, in connection with lower reactivity multi-functional comonomers suitable for providing a 
cross linked film-forming copolymer during polymerisation thereof. The film-forming copolymer of the 
polymeric binder may contain from 0.1 to 10 % by weight, for example, from 0.2 to 8 % by weight, say 
from 0.2 to 4 % by weight of polymerised units derived from the at least one lower reactivity multi- 
functional comonomer incorporated to provide residual unsaturation if such a comonomer is employed. 

25 Alternatively, it may also be possible to provide the said residual unsaturation by means of a post 

reaction step, wherein the film-forming copolymer once formed is subjected to a further reaction(s) which 
introduces the said residual unsaturation. For this purpose it is necessary to prepare a film-forming 
copolymer having reactive groups which will react under appropriate conditions, in a post reaction step, with 
a co-reactive group of an ethylenicaily unsaturated compound which is to be used to introduce the residual 

3a ethylenic unsaturation. For example, a copolymer having carboxylic acid, hydroxyl, or amine functionalities 
can be reacted with an ethylenicaily unsaturated epoxide or aziridine in order to introduce residual ethylenic 
unsaturation into the film-forming copolymer. 

The preparation of crosslinked film-forming copolymers which may also comprise residual ethylenic 
unsaturation is more fully described in the present applicants European patent application (Publication no. 

35 232016), the disclosure in which is incorporated herein by way of reference. 

In addition to the film-forming copolymer, the polymeric binder of the present invention may also if 
desired include one or more other types of polymer (i.e. of the non-film forming type) incorporated 
preformed into the composition, for example, by adding an aqueous emulsion of such a polymer to the 
already formed aqueous iatex of the polymeric binder, or. more preferably, by performing the poiy- 

40 merisatiori to form the film-forming copolymer in the presence of an aqueous emuision of such a polymer. 
However, the presence of an additional non-film forming polymer is generally not preferred, and where it is 
included, the at least one film-forming copolymer will comprise a substantial proportion n.e. at least 50 3 V 
preferably at least 60 % and more preferably at least 90 °V> of the total polymer content of the polymeric 
binder, so as to render the polymeric cinder film-forming overall. The polymeric binder may. of course. 

^5 comprise two or more film-forming copolymers any number of which may comprise residual cross linking 
and-or residual carbon to carbon dcuble bond unsaturation. 

The photopolymerisable composition for use in the present invention employs at least cne poly- 
merisable monomer, which wiil polymerise (to form a photo-polymer) during exposure of a photosensitive 
element, such as a photosensitive film (formed from said photopolymerisable composition), to form the 

so image fi.e component (Bi of the phctcpclymensacle comoosii'cm The practice of the present invention is 
not limited to the use of any particular pGlymensacie monomer, it being required oniy chat -he at ? east one 
polymerisable monomer be non-gaseous, ethylenicaily unsaturated, capable of addition polymerisation, and 
compatible with the polymeric binder. Monomers are said to be compatible with the polymeric binder if they 
swell the latex particles and do not phase separate from the polymerisabie compositions when in the dry. 

ss uncured state {i.e after removal of the aqueous phase but pncr to imagewise sxcosure). In some 
circumstances, the polymensaoie monomer may also serve as a piasticiser for iv.e polymeric oinaer. 
Furthermore, the present invention is not limited to the use of photopolymerisable compositions having just 
one polymerisable monomer and. indeed, it may often be advantageous to use a combination or two or 
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more copolymerisable monomers. Component {8} may comprise both mono-functional (i.e. mon- 
oethylenically unsaturated) monomers and multi-functional monomers (i.e.monomers having at least two 
unsaturated carbon to carbon (ethylenic) double bonds which can each, independently, take part in a free 
radical initiated addition polymerisation reaction). The polymerisable monomers are preferably of high 
refractive index, so that the photo-polymer formed therefrom will have a refractive index above that of the 
film-forming copolymer of the polymeric binder. 

According to preferred embodiments of the invention component (B) of the photopolymerisable 
composition will comprise two or more ethylenicaily unsaturated copolymerisable monomers, wherein at 
least one of the said monomers is a mono-functianai monomer and at least one of the said monomers is a 
multi-functional monomer. Where a polymerisable monomer system is employed which comprises at least 
one multi-functional polymerisable comonomer. the resulting photo-copolymer that forms during exposure to 
actinic radiation to produce the image, may possess a degree of cross-linking. Therefore, the resulting 
photo-copolymer may achieve a high molecular weight and/or a high degree of network formation at low 
degrees of conversion, which may enhance the quality of the image. Furthermore, multi-functional mon- 
omers provide the possibility of cross-linking between the film-forming copolymer of the polymeric binder {if 
the said film-forming copolymer contains residual unsaturation) and the photo-copolymer. 

The preferred monoethylenically unsaturated polymerisable monomers for use in component (8) are the 
acrylic or methacrylic functional monomers, i.e those monomers in which the carbon to carbon double bond 
is an acrylic or methacrylic double bond. Particularly preferred monomers in this realm include the alkyi 
acryfates and methacrylates having from 1 to 12 (preferably 1 to 10 and more preferably 2 to 8) carbon 
atoms in the alkyl group, alkoxyalkyl and hydroxyalkyl acrylates and methacrylates having from 1 to 12 
(preferably 1 to 10 and more preferably 2 to 8) carbon atoms in the alkyl group, and substituted alkyl 
acrylates and methacrylates having from 1 to 12 (preferably 1 to 10 and more preferably 2 to 8) carbon 
atoms in the alkyl group. Examples of such alkyl acrylates and methacrylates include, inter alia, n-butyl 
acrylate and methacrylate. sec-butyl acrylate. tert-butyl acrylate, cyclohexyl acrylate and methacryiate. n- 
dodecyl acrylate and methacrylate. ethyl acrylate and methacrylate. 2-ethylbutyl acrylate, n-heptyl acrylate, 
n-hexyl acrylate, isobutyl acrylate and methacrylate, isopropyl acrylate and methacrylate. methyl acrylate 
and methacrylate, 2-methyibutyi acrylate, 3-methylbutyl acrylate, n-octyl acrylate and methacrylate. 2-octyl 
acrylate. 3-pentyl acrylate and methacrylate. n-propyl acrylate. and 2-ethylhexyl acrylate and methacryfate. 
Examples of such alkoxyalkyl and hydroxy alkyl acrylates and methacrylates include, inter alia. 1- 
ethoxyethyl acrylate, 1 -ethoxypropyl acrylate, 2-methoxyethyi acrylate. 3-methoxy propyl acrylate. ethox- 
yethoxyethyl acrylate. hydroxypropyl methacrylate, hydroxyethyl acrylate and methacrylate. Examples of 
such substituted alkyl acrylates and methacrylates include, inter alia, 2-phenylethyi acrylate. 
methyiaminoethyl acrylate and methacrylate. tert-butylaminoethyl acrylate and methacrylate. Other suitable 
monoethylenically unsaturated acrylic -or methacrylic functional monomers include, inter alia, acrylic and 
methacrylic acids, acrylamide and methacrylamide. acrylonitrile and methacrylonitrile. alkoxyalkyl ac- 
rylamides and methacrylamides. such as butoxymethyl acrylamide and methoxymethyl methacrylamide. 
and hydroxyalkyl acrylamides and methacrylamides. such as N-methylol methacrylamide and N-methylol 
ac rylamide. ^ 
"-The preferred multi-functional monomers for use in component (B) are those monomers in which at 
least one of the carbon to carbon double bonds in the monomer is an acrylic or methacrylic ooubie bona. 
Examples of such monomers include, inter alia, trimethylol propane triacrylate. di-trimethyiol procane 
triacrylate. 1.3-butylene glyccl dimethacrylate. ethylene glycol diacryiate. ethylene glycol ^methacrylate.,,, 
diethyiene glycol gimethacryiate. m ethylene glycol dimethacrylate. tnmethylene glycol dimethacrylate. 
triethoxylated trimethylol propane triacrylate. tetraethyiene glycol diacryiate. J^NyT^acrylate. aiiyi 
methacr/iate. digTyTacrylate. i.6-hexanedici diacryiate. and diailyt maleate methacrylate. 

According to particularly preferred embodiments of the 'present invention, the at least one ethyien.caily 
unsaturated polymerisable monomer will comprise from 10 to 1 00 % by we.ght (preferably 20 to 95 by 
weight) of at least cne acrylic and or methacrylic functional monceihylen.cafly unsaturated pclymensaole 
monomer as hereinbefore canned, from 0 to 50 by weight (preferabfy 5 to 50 a o by «e.ght) cf at :east 
one multi-functional ethyien.caily unsaturated polymerisable monomer having a: :east one acrylic or 
methacrylic double bond as hereinbefore defined, and from 0 to 50 % by weight (preferab.y 0 :o 40 oy 
weight) of at least one further monomer, which further monomer does not contain an acrylate or 
methacrylate functionality, but which reacts with said acrylate and methacrylate functional monomers. e.g„ 
N-vinyl oyrrolidone. 

— The at least one free-.adicai generating photcmitiator or photom. dating system nay consist of a smg.e 
comoound or may comprise at least two components which act together to form free-radicals on exposure 
to actinic radiation, so as to .nitiaie polymerisation of the at least one ethyien.caily unsaturated poly- 
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merisable monomer. In most embodiments, the photoinitiator or photoinitiating system will be chosen from 
among the many useful photo initiators or systems known in the art on the basis of its solubility, or at least 
dispersibility, in the photopoiymerisable composition, its compatibility with the other components of the 
composition, and its effectiveness with the specific monomer(s). Other important considerations include; 
s inter alia, the speed of the photoinitiator or system (i.e. the rate at which it will generate free-radicals to 
initiate polymerisation of at least one ethytenically unsaturated monomer), this is particularly important when 
the photopoiymerisable compositions are to be used for the formation of hologram masters where high 
speed photoinitiators or systems are required. Suitable photoinitiators may include, inter alia, vicinal 
ketaldonyf compounds. e.g.. diacetyl, benzil; alpha-ketaldonyl alcohols, e.g., benzoin, pivaloin; acyloin 

70 ethers, e.g.. benzoin methyl and ethyl ethers; alpha-hydrocarbon-substituted aromatic acyloins, e.g.. alpha- 
methylbenzoin, aipha-allylbenzoin, and afpha-phenylbenzoin. Other suitable photoinitiators may be chosen 
from the substituted or unsubstituted polynuclear quinones having two intracyclic carbonyl groups attached 
to intracyclic carbon atoms in a conjugated carbocyclic ring system, e.g., 9.t0-anthraquinone. Suitable 
photoinitiating systems may include those which generate free-radicals by chemical reaction following a 

;5 photochemical electron transfer reaction, e.g., dye sensitised photoinitiator systems. 

The preferred photoinitiators or systems for use in the present invention are those which provide an 
efficient source of radicals when irradiated with visible light for example, light of wavelength greater than 
400 nm. Still more preferred photoinitiators or systems are those that are sensitive to the emissions from an 
Argon Ion laser which emits visible blue light (wavelength 488 nm). Particularly preferred photoinitiators or 

20 systems in this realm, are those comprising camphorquinone either as the sole catalyst or in combination 
with one or more other co-catalysts and/or synergists. By the term synergist, we mean a compound which 
cooperates with the at least one catalyst so as to assist in the generation of free-radicals. A suitable co- 
catalyst is benzil. and suitable synergists include, inter alia, organic peroxides, e.g.. tert-butyl perbenzoate: 
alky! tin carboxyiic acid ester compounds, e.g.. dibutyl tin diiaurate (D8TDL) and tributyl tin methacrylate 

25 (TBTMA); and tert-amines. The camphorquinone. the co-catalyst(s) and/or the synergist(s) may be used in' 
any combination and in any proportion. However, particularly preferred photoinitiating systems include, 
camphorquinone in combination with tert-butyl perbenzoate such that the molar ratio of camphor- 
quinone:tert-butyl perbenzoate is in the range 1:2 to 2:1 (preferably about 1:1), camphorquinone in 
combination with benzil and tert- butyl perbenzoate such that the molar ratio of camphorquinone:benzil:tert- 

30 butyl perbenzoate is about 1:1:2. camphorquinone in combination with dibutyl tin diiaurate or tributyl tin 
methacrylate such that the molar ratio of camphorquinone:dibutyl tin diiaurate or tributyl tin methacrylate is 
in the range 1:1 to 1:2 {preferably about 1:1.5). and camphorquinone in combination with benzil ancl dibutyl 
tin diiaurate or tributyl tin methacrylate such that the molar ratio of camphorquinone:benzil:dibutyl tin 
diiaurate or tributyl tin methacrylate is about 1:1:3. Photopoiymerisable compositions comprising the 

35 preferred initiator systems employing camphorquinone may be used for recording hologram masters and 
hologram copies. 

In forming the photopoiymerisable compositions for use in the present invention, the at least one film- 
forming copolymer of the polymeric binder is normally formed by emulsion polymerisation techniques so as 
to form, at least in part, the aqueous latex of the film-forming polymeric binder. Alternatively, the film- 

40 forming copolymer may be formed by other addition polymerisation techniques, and then suspended in an 
aqueous medium to form, at least in part, the aqueous latex of the film-forming polymeric binder. The solids 
concentration of the polymeric binder in the aqueous latex will preferably be from 20 to 70 % by weight 
based on the total weight of the said aqueous latex (Le the aaueous latex of the polymeric binder will 
preferably contain 20 to 70 % by weight of polymer sclids). The at least one ethyienically unsaturated 

js polymerisable monomer and the at least one photoinitiator or photoinitiating system may then be added to 
the acueous latex of the film-forming polymeric binaer. and shouia ideally be welt cispersed or dissolved 
therein, so as to form a photopoiymerisable composition of good consistency and hamcgenetty. The refative 
proportions of the polymeric binder, the polymerisable monomertsi. and the phctoin[tiaton;s)/system(s) will 
normally be adjusted so that the polymeric binder comprises from 50 to 90 3 « (preferably from 75 to 90 %) 

so by weight, the polymerisable monomer(s) from 5 to 40 % [preferably from 5 to 20 Si oy weight, and the 
photoinitiatoqs)-system(s) from 0.1 to 10 % (preferably 0.5 ;o 5 by weight tasec on the tctai dry weight 
of the photopoiymerisable composition after removal of the aqueous phase -o form a photosensitive 
element, such as a photosensitive film. The aqueous photopoiymerisable compositions may optionally 
comprise other additives, for example, one or more further poiymers of the non-film-forming type, external 

55 plasticisers to lower the effective gfass transition temperature /Tgj of the polymeric binder to assist film- 
formation, one or more surfactants which may be employed to aispersa and stabilise the polymeric binder 
in the aqueous phase and to assist in the dispersion of the polymerisable monomerisi and photoinitiator{s)- 
system(s». In preferred embodiments, the aqueous photopolymerisabie compositions will normally comprise 
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one or more surfactants of one sort or another (in addition to any surfactant which may be used in an 
emulsion polymerisation to form the film-forming copolymer) which may be non-ionic or ionic in nature, in 
order to assist in achieving a uniform composition. Other additives which may be employed in the 
photopolymerisable compositions include, inter alia, thickeners, defoamers and wetting agents. 

5 The photopolymerisable compositions may be formed into photosensitive elements, such as photosen- 
sitive films, by removing the aqueous phase from the said compositions. In forming a photosensitive film, 
the photopolymerisable composition is normally applied to a base support (preferably a flat rigid base 
support, for example, glass) and then dried to remove the aqueous phase (i.e. by naturaJ drying, or by 
accelerated drying) in order to yield the said film. By a photosensitive film, we are intending to refer to a 

io coherent layer of material suitable for recording an image (e.g.. a holographic image). The photosensitive 
film will often be retained in position on a base support during exposure to form the image. Glass plates are 
particularly suitable as a base support, but other materials may equally be used- For example, suitable 
materials for a base support may include, inter alia, high polymers such as poiyolefins. e.g.. polyethylene; 
polyesters, e.g.. polyethylene terephthaiate; and cellutosics. e.g.. cellulose acetate. The application of the 

ts photopolymerisable composition to the base support may be achieved by conventional coating techniques 
commonly employed in the art. for example, by brush coating, spray coating, roller coating or dipping. The 
thickness of the photosensitive film (when dry) is not critical and may be selected according to the intended 
use. However, for most practical applications, the dry film thickness will be in the range 0.1 to 2000 urn. 
and preferably within the range 1 to 100 urn. The photopolymerisable compositions for use in the invention 

20 may. after drying to remove the aqueous phase, form touch dry. coherent and transparent photosensitive 
films of good mechanical strength and dimensional stability, which are capable of recording holographic 
images of high intensity and good resolution. The photosensitive films may also be mechanically self 
supporting allowing for removal from the base support. 

After evaporation of the aqueous phase, certain of the photosensitive elements may be somewhat soft 

25 and tacky (although this is not preferred). In such circumstances it may be desirable to apply a cover layer, 
which may be an additional coating or a previously case film, in order to provide a hard, dry, non-tacky 
surface and. therefore, facilitate storage and handling. The cover layer may be left in position until after 
formation of the image, or removed prior to exposure. However, if the cover layer also provides an oxygen 
barrier preventing the diffusion of oxygen into the photosensitive element, it may be desirable to leave the 

30 cover layer in position until after image formation, depending on the sensitivity of the photosensitive 
element to the polymerisation inhibiting effect of oxygen, indeed, in view of the possible detrimental effect 
of oxygen, even for photosensitive elements that do not have a tacky surface, the application of a cover 
layer as a means to provide an oxygen barrier may sometimes be advantageous. If a cover layer .s to be 
left in place until after image formation, the material selected should have good clarity and its thickness 

3S should be held to a minimum, so as not to interfere with the optical properties of the photosensitive 
element. After formation of the image, the cover layer, if used, may be removed if desired. However, w.th 
the most preferred photopolymerisable compositions, the photosensitive elements formed therefrom, will not 
require a cover layer, either as a means to protect the photosensitive element, or as a means to provide an 
oxygen barrier. 

ao - In forming an image, a photosensitive element, such as a photosensitive film, is exposed tmagewise io 
actinic radiation bearing image information, for example holographic information. The exposure step may be 
earned out in the absence of atmospheric oxygen (but not necessartly so>, for example, by using a cover 
layer, or by effecting the exoosure in an inert atmosphere or under vacuum. 

In making hologram masters or copies, the optimum exposure time may be readily aetermmec by 

^5 routine 'esting and may vary from a fraction of a second tc several minutes depending, inter ana. on the 
intens.ty of the exposing radiation, the distance from the radiation source to the photosensitive element, the 
type and concentration of photoinitiator(s) or system's), ana the particular ethylen.cally unsaturatea 
polymerisable monomer(s) chosen. As with other photosensitive materials, the photosensitive elements may 
be under exposed or over exposed, resulting in poor image quality. In the case of making hologram 

50 masters, the actinic radiation bearing holograpn.c information consists of the .nterferer.ee pattern -editing 
from the interaction of the reference beam and tne object beam 'i.e. the light reflected 'rom. or transmute 
by the object being illuminated), in the case of making hologram cop-es. the actinic raa.at.on ceding 
holographic information consists of the actinic radiation transmitted from a source to the photosensitive 
element through a previously made hologram master. In either case, the actinic radiation employed must oe 

55 able to activate the photo.n.tiator or system. The particularly preferred phctomitiatcrs or systems exh.ct 
the.r maximum sensitivity in the vis.bte range, part.cularly the blue range, of the spectrum, and. therefore, 
when these preferred photo.n.tiators or systems are employed in r he photopolymerisable compositions, me 
radiation source should furn.sh an effective amount of this radiation. It is to be understood, however. t n*t 
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photoinitiators or systems with maximum sensitivity at other wavelengths and corresponding radiation 
sources may also be used. 

Fcr '.^.e making of hologram masters it is essential to use highly coherent light of high intensity (i.e the 
type of ::ght that is emitted by a laser) for the imagewise exposure. Therefore, in making hologram masters. 

s it will be necessary to use a laser which emits light of a wavelength to which the photoinitiator or system in 
the photopolymerisable composition is sensitive. For example, when using the preferred photoinitiators or 
systems defined supra, with sensitivity in the blue region, it is particularly suitable to use the light emitted 
from an Argon Ion laser (as a source of actinic radiation) for the initial imagewise exposure. 

For the making of hologram copies it is not necessary for the light to have a long coherence length. 

w Suitable sources of actinic radiation include, inter alia, lasers, carbon arcs, mercury vapour arcs, and quartz 
iodide lamps. The angle at which the incident light from the radiation source strikes the hologram master 
and, through it. the photosensitive element is important. The best copies are achieved when the incident 
light strikes at an angle which corresponds, after correction for difference in wavelength, to the angle of 
incidence of the reference beam used in making the original hologram. However, it should be realised that. 

is copies can be made even when the angle of incidence of the light csed for making the copy does not 
correspond to the angle of incidence of the original reference beam. When radiation sources with a short 
coherence length are employed for the copying, separation of the hologram master and the photosensitive 
element should be avoided aJtogether, since this will impair or even destroy the holographic image. When 
the actinic radiation is highly coherent, as from a laser, a separation between the hologram master and the 

20 photosensitive element can be tolerated without any significant reduction in the quality of the hologram 
copy. 

When a photosensitive element, such as a photosensitive film is exposed imagewise to actinic radiation 
bearing image information (e.g.. holographic information), the photoinitiator is activated in the exposed 
(imaged) areas, but not in the unexposed (non-imaged) areas. The at least one ethylenically unsaturated 

25 polymerisable monomer is therefore caused to polymerise in the exposed areas to form a photo-polymer. 
Accordingly, after the imagewise exposure, an imaged layer comprising a photo-polymer in the areas 
bearing image information is formed. 

After the imagewise exposure it is often preferred (though it is not essential) to expose the photosen- 
sitive element to an overall uniform non-imagewise exposure (which polymerises the remaining monomer). 

30 to fix the image and enhance the quality thereof. Suitable sources of radiation for the non-imagewise . 
exposure include, inter alia, white light, or even radiation of the same wavelength as that used in the initial 
imagewise exposure. It will, of course, be realised that where a subsequent non-imagewise exposure is 
employed, the radiation used must be able to activate the photoinitiator or system, so as to provide for the 
polymerisation or the remaining" monomer. Whether a subsequent non-imagewise exposure 'il employed or • 

35 not. the photopolymerisable compositions provide for the production of photosensitive elements on which 
holographic images can be recorded (whether a hologram master or copy) without^the need for time 
consuming wet processing operations. 

It will, of course, be realised that the ohotosensitive elements may be used to record images other than 
holographic images, for example, it may be used to record the image information ip a beam of light. 

-*o Accordingly, the present invention further provides an imaged layer having areas bearing image 
information said layer comprising: , . 

A) a film-forming polymeric binder said binder comprising at least Qfie^film-forming copolymer which 
has been formed by addition polymerisation and which comprises polymerised units derived from at least 
one ethylenically unsaturated comonomer .vhich provides the basis fiim-formability in said copolymer: 

-<s and ■ 

B) in at least the areas bearing :mage information a ohoto-polyrner formed by addition polymerisation 
of at least one non-gaseous, ethylenically unsaturated monomeric'-'com pound. 

The photopolymerisable compositions and ihe photosensitive ejements which are used in accordance 
so with the present invention provice a quick and efficient method for the preparation of hologram masters and 
copies. However, tn addition to their obvious application m irhacje holography ana security systems, che 
photosensitive elements find useful application m a number of 'other areas. For example, they may ce usee 
to record the interference pattern that resufts from the interaction of plane wave forms and. therefore, 
provide a simple low cost method for the manufacture.. of high-ouality diffraction gratings. Furthermore, the 
ss photosensitive elements may be used to make recorded ccoies of commercially available diffraction 
gratings by contact onnting techniques. Thejphotosensitive elements may aiso be used to record a variety 
of holographic optical elements, such as ^olographic lenses, and the filters in head up displays. Further 
possible applications for the photo sensitive elements include hciographic interferometry. optical data 
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storage, image processing, and the manufacture of wave guides. 

The present invention is now illustrated, but not limited, by the following examples in which, unless 
otherwise specified, ail parts, percentages and ratios are on a weight basis. 



EXAMPLE 1 

An aqueous based photopolymerisable composition was prepared as follows: A film-forming copolymer 
containing polymerised units of vinylidene chloride 85.0 %, acrylonitrile 4.5 %. acrylic acid 3.0 %, butyl 
acrylate 5.0 %, dtgjl&rphthalate 2.0 %. andcallyr^thacrjE^.Q.5^%. was made by emulsion polymerisation 
to yield an aqueous latex of a polymeric biTicTeTTiolids concentration about 59 %). The aMyl methacryiate 
was added during an early part of the polymerisation reaction in order to effect a degree of crosslinking in 
the copolymer, and the diaJlyl phthalate was added during^ a lata part of the polymerisation to provide the 
copolymer with residual ethylenic unsaturation. To this aqueous latex was added a 10:2 mixture of 
ethoxyethoxyethyl acrylate:trimethylolpropane triacrylate as the polymerisable monomers, and a 1:1 mixture 
of camphorquinone:tert-butyl perbenzoate as the photoinitiating system, so that the composition comprised 
20 % (on copolymer weight) of the polymerisable monomers and 2 % (on copolymer weight) of the 
^hotdifu tiaBng syste m^ The photopolymerisable composition was coated on a glass support and then air 
^TfidTcTy i eTd~a~"Tran s p ar e n t photosensitive film about 45 am in thickness. 

The photosensitive film was used to prepare a transmission holographic diffraction grating by recording 
the interference pattern that resulted from the interaction of two plane wave forms. The photosensitive film 
was given an initial imagewise exposure of 700 mj/cm 2 using an Argon Ion laser, followed by a two minute 
delay, and then a final non-imagewise exposure to a flash light. The diffraction grating thus created was of 
good clarity and intensity, having a spatial frequency of 1600 lines/mm and a diffraction efficiency of 98 %. 



EXAMPLE 2 

The same method and constituents as for Example 1 were used, except that the amount of the 
polymerisable monomers was 15 % on copolymer weight. The diffraction grating had a spatial frequency of 
1600 lines/mm and a diffraction efficiency of 45 %. 



EXAMPLES 3.4 and 5 

The aqueous based photopolymerisable compositions were prepared as follows: A film-forming 
copolymer containing polymerised units of vinylidene chloride 68.0 %. vinyl chloride 21.5 %. 2-ethyihexyl 
acr/late 6.0 %. methacryfic acid 2.0 diallyl phthalate 2.0 an^gn^Tmethacrylate 0.5 was mace by 
emulsion polymerisation techniques to yield an aqueous latex of a polymeric binder (solids concentration 
about 59 %). As before, the ally I rjnathacry latg ) was added during an early part of the polymerisation reac:ion 
to effect a degree of crosslinking in the copolymer, and the diallyl phthalate was added during a iate part of 
the polymerisation to provide the copolymer with residual ethylenic unsaturation. To this aqueous latex was 
added a 10:2 mixture of ethoxyethoxyethyl acryiate:trimethyiolpropane triacrylate as the por/me^sacie 
monomers, so that the composition comprised 20 % (cn copolymer weight) thereof. The fphgtoinKiatirq^ 
system employed, in each case, was a 1:1.5 mixture of camphorquincne:dibutyl tin dilaurateTexcIcT " 
different amounts thereof were used for each example 'see Table 1>. As before the photopoiymensacie 
compositions were coated onto glass supports and then air dried to yield transparent photosensitive nims of 
about 45 urn in thickness. 

The photosensitive films were used to prepare transmission holographic diffraction gratings, and were 
given an initial imagewise exposure of actinic radiation using an Argon Ion laser, followed by a two minute 
delay, before a final non-imagewise exposure to a flash tight. The intensity of the imagewfse exposures 
used, and the diffraction efficiencies of the resulting holographic diffraction gratings are shown m Tabie i 
The spatial frequency of ail the diffraction gratings was 1600 lines. mm. 

EXAMPLE 5 

Exactly the same photopolymerisable composition as for Example i was employee. Tne 



EP 0 342 812 A2 



photopolymerisabte composition was coated on a glass support and then air dried to yield a transparent 
photosensitive film about 45 am in thickness. 

The film was used to prepare a transmission holographic diffraction grating, and was given an initial 
imagewise exposure of 600 mJ/cm 2 using an Argon Ion laser, follc-wed by a two minute delay, before a final 
5 non-imagewise exposure to a flash light for 30 minutes. The diffraction grating thus created had a diffraction 
efficiency of 83 %, and was then placed in an oven at 72 "C for 24 hours in order to investigate the 
temperature stability of the diffraction grating. After heating, the diffraction efficiency had increased from 83 
% to 89 %, and the grating had retained its clarity and intensity, 

;o 

EXAMPLE 7 

An aqueous based photopolymerisabte composition was prepared as follows: The same aqueous binder 
latex as for Examples 3 to 5 was used. The solids concentration of the aqueous latex was about 59 %, and 
/s to 6.3 g of this aqueous latex was added 3.0 g of a monomer/photo initiator mix containing: 



n-butyf acrylate 


15.0 g 


camphorquinone 


0.86g 


benzil 


0.86g 


di-n-butyl tin dilaurate 


1.29g 


25 % aqueous NP30 


3.0g 


water 


12.75g 



25 The photopolymerisable composition was coated on a glass support and then air dried to yield a 

transparent photosensitive film about 45 am in thickness. 

The photosensitive film was used to prepare a transmission holographic diffraction grating. The 

photosensitive film was given an initial imagewise exposure of 180 mJ/cm 2 using an Argon Ion laser. 

followed by a two minute delay, and then a final non-imagewise exposure to a flash light The diffraction 
30 grating thus created had a spatial frequency of 1600 lines/mm and a diffraction efficiency of 44 %. 



EXAMPLE 8 

An aqueous based photopolymerisable composition was prepared as follows: The same aqueous binder 
latex as for Examples 3 to 5 was used. The solids concentration of the aqueous latex was about 59 %. and 
to 6.3 g of this aqueous latex was added 3.0 g of a monomer.' 



n -butyl aery late 


1 2.5 g 


trimethylol propane triacrylate 


2.5g 


camphorquinone 


0.86g 


benzil 


0.86g 


di-n-butyi tin dilaurate 


1.29g 


25 % aaueous NP30 


3.0g 


water 


I2.75g 



The photopolymerisable composition was coated on a glass support and then air dried to yield a 
transparent photosensitive film about 45 am tn thickness. 

The film was used to prepare a transmission holographic diffraction grating, and was given an initial 
imagewise exposure of 120 mj cm : using an Argon Ion laser, followed by a two minute delay, before a final 
non-imagewise exposure* to a flash light. The diffraction grating thus created had a spatial frequency or 
1600 lines. mm and a diffraction efficiency of 24 °'o. 

EXAMPLE 9 

An aqueous based photcpotymensabie composition was prepared as Follows: The same aqueous binder 



12 



£P 0 342 812 A2 



latex as for Examples 3 to 5 was used. The solids concentration of the aqueous latex was about 59 %, and 
to 6.3 g of this aqueous latex was added 0.1 5 g of a monomer/photoinitiator mix containing: 



ethoxyethoxyethyl acrylate: 


0.69 g 


trimethylolpropane triacrylate 


0.124 g 


camphorquinone 


0.25 g 


benzil 


0.25 g 


ethyl-4-{dimethylamino)benzbate 


0.323 g 



The photopolymerisable composition was coated on a glass support and then air dried to yield a 
transparent photosensitive film about 45 tim in thickness. 

The film was used to prepare a transmission holographic diffraction grating, and was given an initial 
imagewise exposure of 100 mj/cm 2 using an Argon Ion laser, followed by a two minute delay, before a final 
'5 non-imagewise exposure to a flash light. The diffraction grating thus created had a spatial frequency of 
1600 lines/mm and a diffraction efficiency of 12 %. 



20 



25 



30 
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EXAMPLE 10 

An aqueous based photopolymerisable composition was prepared as follows: The same aqueous binder 
latex as for Examples 3 to 5 was used. The aqueous latex was neutralised to pH 7 with concentrated 
aqueous ammonia solution. The solids concentration of the aqueous latex was about S9 %. and to 6.3 g of 
the neutralised latex was added 0.15 g of a monomer photoinitiator mix containing: 



ethoxyethoxyethyl acrylate: 


0.69 g 


trimethylolpropane triacrylate 


0.124 g 


camphorquinone 


0.25 g 


benzil 


0.25 g 


N, N - dimethylaminoethylmethacrylate 


0.325 g 



The photopolymerisable composition was coated on a glass support and then atr dried to yield a 
transparent photosensitive film about 45 am in thickness. 

The Film was used to prepare a transmission holographic diffraction grating, and was given an initial 
imagewise exposure of 230 mJxm 2 using an Argon Ion laser, foilowed by a two minute delay, before a nnal 
non-imagewise exposure to a flash light. The diffraction grating thus created had a spatial frequency of 
1600 lines- mm and a diffraction efficiency of 22 °'<». 

EXAMPLE 1 1 

An aqueous based ohctcpolvmerrsable composition was prepared as fellows: A film-forming copolymer 
containing coiymerised' units of vinylidene chloride 85.3 acryion.tnle 3.8 acrylic acd 3.8 outyi 
acrylate 4 7 diallyi phthaiate 1.9 %. and allyl methacrylate 0.47 %. *as prepared by ^muls.on 
oolymerisation to yield an aqueous latex of a polymeric binder. The ally! methacrylate was added ounng an 
earlv part of the polymerisation reaction in order to effect a degree of crosslinking .n the copolymer, and the 
diallyi phthaiate was added during a late part of the polymerisation to prov.de the copolymer with residual 
ethylenic unsaturate. The solids concentration of the aqueous latex was about 59 and to 5.5 g of this 
Jatex was added 0.65 g of a monomer phctcmitiator mix containing: 



ethoxyethoxyethyl acrylate: 


0.54 g 


trimethylolpropane triacrylate 


0.11 g 


camphorquinone 


0.25 g 


t-butylperbenzoate 


0.25 g 



The photcpciymensable composition was coated on a glass support and then air dried to yield a 
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transparent photosensitive film which was used to make a holographic diffraction grating as usual. A 
diffraction grating having a spatial frequency of 1600 lines/mm and a diffraction efficiency of 30 % was 
obtained using an exposure of 125 mJ/cm 2 . 



EXAMPLE 12 

An aqueous based photopolymeri sable composition was prepared as follows: A film-forming copolymer 
containing polymerised units of vinylidene chloride 74 %, vinyl chloride 19 %. 2-ethyfhexyl aery (ate 5.2 %, 
jo acrylic acid 1.8 %. was prepared by emulsion polymerisation to yield an aqueous latex of a polymeric 
binder (solids concentration about 59 %). The resulting copolymer was not crosslinked and did not contain 
any residual ethylenic unsaturation. To 5.8 g of this aqueous latex was added 0.69 g of a 
monomer/photoinitiator mix containing: 





ethoxyethoxyethyf aery late: 


0.57 g 




trimethylol propane triacrylate 


0.11 g 




camphorquinone 


0.25 g 




t-butylperbenzoate 


0.25 g 



20 

A photosensitive film was made and exposed as before. A diffraction grating having a spatial frequency of 
1600 lines/mm and a diffraction efficiency of 20 % was obtained using an exposure of 400 mj/cm 2 . 



TABLE 1 

25 



Example 


Catalyst percentage (on 
copolymer weight) 


Exposure 
Intensity 


Diffraction 
Efficiency 


3 


1 .0 % 


394 mJ/cm 2 


68 % 


4 


2.0 % 


230 mJ/cm 2 


70 % 


5 


4.0 % 


95 mJ/cm 2 


60 % 
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Claims 



1. The use of an aqueous-based, film-forming, photcpclymerisable composition for the formation of 
photosensitive elements on which image information ts to be recorded, said composition comprising: 

A) an aqueous iatex of a film-forming polymeric cinder said binder comprising at least one film- 
forming copolymer formed by addition polymerisation, saio film forming copolymer comprising polymerised 
units cerived from at least one ethylenicaily unsaturatea comcnomer which provides the basis of film- 
formability m said copolymer: 

S) at least one non-gaseous, ethylenicaily unsaturated monomeric compound compatible with the 
polymeric binder of (A) and whicn is capable of forming a polymer by free-radical initiated addition 
polymerisation: and 

C) at least one free radical -generating photoinitiator or photcmitiatir.g system activatable by a source 
of actinic radiation for the polymerisation of the at least one monomer of (8). 

2. The use of an aqueous-based, film-forming, choiooolymensable composition as claimed in claim 1 
wherem said at least one fiim-forming copolymer further comprises polymerised units derived from at least 
one mutti-functionsi comonomer incorporated to provide a degree of cross-Unking in said copolymer. 

3. The use of an aqueous-based, film-forming, photopolymerisable composition as claimed in claim 2 
wherein the film-forming copolymer comprises from 0.1 to 20 % by weight of polymerised units derived 
from the at least one muiti-functional comonomer incorporated to provide a degree of cross-linking in said 
copolymer. 
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4. The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in claim 2 or 
claim 3 wherein the film-forming copolymer has a get fraction in the range of from 5 to 80% by weight. 

5. The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in any one 
of the preceding claims wherein the film-forming copolymer comprises polymerised units derived from at 

5 least one monoethylenically unsaturated monomer of the film-forming type containing an olefinic, vinyl, 
vinylidene. acrylic or methacrylic double bond. 

6. The use of an aqueous-based, film-forming, photopoiymerisable composition as cfaimed in any one 
of the preceding claims wherein the film-forming copolymer is a chlorine-containing copolymer comprising 
polymerised units derived from at least one chlorine-containing comonomer. 

to 7. The use of a composition as claimed in claim 6 wherein the film-forming copolymer comprises from 
5 to 95 % by weight of polymerised units derived from the at least one chlorine-containing comonomer. 

8- The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in claim 6 or 
claim 7 wherein said at least one chlorine containing comonomer is selected from one or both of vinylidene 
chloride and vinyl chloride. 

is 9. The use of a composition as claimed in claim 8 wherein polymerised units of vinylidene chloride 
provide at least 50 % by weight of the chlorine-containing comonomer content of the film-forming 

copolymer. . 

I. 0. The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in claim a 
or claim 9 wherein the film-forming copolymer comprises polymerised units derived from at least one alky I 

20 acrylate and/or methacrylate having from 1 to 12 carbon atoms in the alkyl group. 

II. The use of a composition as claimed in claim 10 wherein at least one of said at least one alkyl 
acrylate and/or methacrylate is an internally plasticising comonomer. 

12. The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in any one 
of claims 8 to 1 1 wherein said film-forming copolymer further comprises polymerised units derived from 

25 acrylonitrile and/or methacrylonitrile. 

13. The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in any one 
of claims 8 to 12 wherein said film-forming copolymer further comprises polymerised units derived from 
acrylic acid and/or methacrylic acid. 

14. The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in any one 
30 of the preceding claims wherein said film-forming copolymer comprises residual carbon to carbon double 

bond unsaturation. 

1 5 The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in claim 1 4 
wherein said film-forming copolymer comprises polymerised units derived from at least one lower reactivity 
multi-functional comonomer incorporated to provide said residual carbon to carbon double bond Un- 
as saturation in said copolymer. 

16 The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed m claim is 
wherein said film-forming copolymer comprises from 0.1 to 10 % by weight of polymerised units derived 
from the at least one lower reactivity multi-functional comonomer incorporated to provide said residual 
carbon to carbon double bond unsaturation in said copolymer. 

jo 17 The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed m claim 14 

wherein said residual carbon to carbon double bond unsaturation is incorporated in sa.d film-forming 
copolymer in a post-reaction step. 

18 The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed m any one 
of the preceding claims wherein component (B) comprises at [east two non-gaseous, ethylenically unsatu- 

J5 rated addition-copolymerisable monomers, wherein at least one of said monomers is a moncethyten.cally 
unsaturated monomer and at least one of said monomers is a multi-functional monomer. 

19 The use of an aqueous-based, film-forming, photopoiymerisable composition as claimed in any one 
of the preceding claims wherein at least one of said at least one ethylenically unsaturated monomer of fS) 
is a monoethylenically unsaturated monomer selected from the group consisting of alkyl acryiates and 

so methacrylates having from i to 12 carbon atoms in the alkyl group, alkoxyaikyt and hydrcxyaikyl acryiates 
ana methacrylates having 'rem 1 to 12 carbon atoms in the aikyl group and suost.tuted alkyl achates and 
methacrylates having from i to 12 carbon atoms m the alkyl group. 

20 The use of an aqueous-based, film-forming, photopoiymerisable composition as cia.med in 

of the preceding claims wherein at least one of said at least one ethylenically unsaturated monomer of fB) 
55 .s a multi-functional monomer in wh.ch at least one of the carben to carbon' double bonds -s an acrylic or 
methacryfic double bone. 
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21 . The use of an aqueous-based, film-forming, photopolymerisable composition as claimed in any one 
of the preceding claims wherein said at least one free radical-generating photoinitiator or photoinitiating 
system of (C) comprises camphorquinone. 

22. The use of a composition as claimed in claim 21 wherein said at least one free radical-generating 
s photoinitiator or photoinitiating system comprises at least one co-catalyst 

23. The use of a composition as claimed in claim 21 or claim 22 wherein said at least one free radical- 
generating photoinitiator or photoinitiating system comprises at least one synergist. 

24. The use of a photosensitive element prepared from an aqueous-based, film-forming, 
photopolymerisabte composition as claimed in any one of the preceding claims for the recording of image 

io information. 

25. The use of a photosensitive element as claimed in claim 24 wherein the photosensitive element is in 
the form of a photosensitive film. 

26. The use of a photosensitive film as claimed in claim 25 wherein the photosensitive film is a cover 
layer on a supporting substrate. 

is 27. An imaged layer prepared from a photosensitive element as claimed in any one of claims 24 to 26 

by a process which comprises at least the step of exposing said photosensitive element to actinic radiation 
bearing image information. 

28. An imaged layer having areas bearing image information said layer comprising: 

A) a film-forming polymeric binder said binder comprising at least one film-forming copolymer which 
20 has been formed by addition polymerisation and which comprises polymerised units derived from at least 

one ethylenically unsaturated comonomer which provides the basis of fiim-formability in said copolymer; 
and 

B) in at least the areas bearing image information a photo-polymer formed by addition polymerisation 
of at least one non-gaseous, ethylenically unsaturated monomeric compound. 

25 

29. An image bearing layer as claimed in claim 28 wherein said at least one film-forming copolymer 
further comprises polymerised units derived from at least one multi-functional comonomer incorporated to 
provide a degree of crosslinking in said copolymer. 

30. An image bearing layer as claimed in claim 28 or claim 29 wherein said film-forming copolymer 
30 comprises "polymerised units derived from one or both of vinylidene chloride and vinyl chloride. 

31. An image bearing layer as cfaimed in claim 30 wherein the film-forming copolymer comprises 
polymerised units derived from at least one alkyl acrylate and/or methacrylate having from 1 to 12 carbon 
atoms in the alkyl group. 

32. An image bearing layer as cfaimed in claim 31 wherein said film-forming copolymer further 
35 comprises polymerised units derived from acrylonitriie and/or methacrylonitrile. 

33. An image bearing layer as claimed in claim 31 or claim 32 wherein said film-forming copolymer 
further comprises polymerised units derived from acrylic acid and/or methacrylic acid. 

34. An image bearing layer as claimed in claims 28 to 33 wherein the photo-polymer comprises 
polymerised units derived from at least one monoethylenically unsaturated monomer and at least one multi- 

*q ' functional monomer. 

35. An image bearing layer as cfaimed in claims 28 to 34 wherein the photo-polymer comprises 
polymerised units derived from at 'east one moncethytenicaily unsaturated monomer selected from the 
group consisting of alkyl acrylates and methacrylates having from 1 co 1 2 carbon atoms in the alkyl grcup. 
alkoxyaikyl and hydroxyalkyl acrylates and methacrylates having from 1 io 12 carbon atoms in the alkyl 

<*S group and substituted alkyl acrylates anc methacrylates having from 1 to 12 carbon atoms in the alkyl 
group. 

36. An image bearing layer as claimed in claims 28 to 35 wherein the photo-polymer comprises 
polymerised units derived from at least one multi-functional monomer in which at least one of the carbon to 
carbon double bonds is an acrylic or methacrylic double bond. 

50 37. An image bearing layer as claimed :n any one of claims 28 to 36 which is a self supporting layer. 

38. An image bearing layer as claimed in any one of claims 28 to 36 carried on a transparent 
supporting substrate. 

39. An image bearing layer as claimed in any one of claims 28 to 33 wherein the image is a 
holographic image. 

55 40. An image bearing layer as claimed m claim 39 when used as an optica! element. 
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